Abs@act -The ESRF io currently setting up a beam line for very bard padons well above 250keV. ' 
system. Cooling is provided by a mcrh.nl.al hybrid GM and JT refrigerator with a cooling capacity of about 2.5 W at 4.4 K. Tbe paper reports on the design concepts and optimisationS and a preferred .. solution is presented.
I. INTRODUC~ION
At the European Synchrotron Radiation Facility (ESRF) facilities are being built for fundamental and applied physics research. The synchrotron radiation is in the hard X-ray domain and will be produced by bending the circulating electron beam in undulator and wiggler type magnets. At least one beam line is intended for very hard photons with energies well above 250 keV. For this beam line the best solution is to apply a superconducting wiggler magnet. A predesign study was initiated and carried out by a collaboration of the University of Twente (magnetic system), SBT (cryogenic system) and ESRF (supervision) . In the following sections the main results of the magnetic and cryogenic design studies are presented.
MAGNF~C DE~IGN
The wiggler consists of three poles, one central pole to generate the main bending field of nominally 4 T; two side poles connected in series with the main poles to shorten the axial length of the wiggler; and two correction poles to zero the field integral along the electron beam over the entire field range of 0 to 5 T. In figure 1 the overall view of the system is pictured. Three sets of dipole coils are arranged around the electron beam in the channel. The fourth set of correction coils is integrated into the side poles and not indi- central pole is about 70 mm. This field integral determines the distance between the central and the side coils and thus the overall length of the system in the direction of the
beam.
The magnet has a warm bore of 40 mm minimum, enabling a cold bore of at least 32 mm.
An important subject for analysis is the mechanics, i.e. the support of the windings and the containment of the forces. Many dipole magnets suffer from considerable training problems [1, 2, 3] . In most of the wiggler magnets the iron is shaped with pole shoes to guide the flux lies.
The iron is present to counteract the Lorentz forces, to enhance the field and to shield the magnet. However, it is then difficult to obtain a sound mechanical system and any prestress of the coils is lost due to differences in thermal Aparametric study is camed out to find optimal solutions for the dimensions of the various coils and the iron. A computer code has been developed that searches for minima of an optimisation function which consists of the following terms: the design field Bo; {Bmax-B(J)} per coil, where Bmax and J are the peak field and the current density in a coil respectively; the required total field integral bB.dl and the positive integral bB+.dl. The iron is taken into account using the mirror technique and a constant mean permeability q (=20). The JJB) relation of the selected NbTi superconductor and a margin of about 50 %, taking account for the winding density and safety, are also implemented. A further simplification arises if the coil cross sections are rectangular blocks. Using the code as described above, a very fast examination of various classes of optimal designs can be considered. A final selection is made by considering practical sizes for the coils. Detailed results of the parametric study are presented elsewhere [5] .
After a certain geometry has been selected, a detailed check of the fields and forces have been camed out using 2d-POISSON and 3d-MAGNUS. In this way we can determine: the final shape and thickness of the iron, the minimum length in order to minimise the system volume and the required lay-out of the coil heads in order to keep the peak fields in the coil heads below those in the straight sections.
The main parameters of the wiggler as determined by the optimisation process are collected in table 1. The Lorentz forces acting on the four coil sections are calculated using the analytical method and POISSON with infinite iron and the actual sizes. A comparison of the results are given in figure 2. The agreement is quite satisfactory. 7 15 The horizontal and vertical displacements due to excitation are quite small with a maximum value of about 10 micro meter. The maximum stress levels in the A1 and the coils are about 60 and 40 MPa respectively. This demonstrates that the stiffness of the A1 cassette is sufficient and that the coil clamping is safe.
An important choice to be made is the length of the magnet system. The lower limit can be found by using a 3d method that takes into account the real shape of the coil ends and the iron. The ESRF requirement for the homogeneity in axial directions is that the integral bB+.dl. of 0.161 T-m at 5 T changes less than 0.005 T-m when going from z =O to z= 25 mm, i.e. less than 3 %. This requirement is not severe and is satisfied if the field By(x) itself changes less than 0.1 T over that range of 25 mm. In figure 3 the field profile along the x-axis (e-beam) of the magnet with straight sections of 240 mm is shown together with the field change DB due to 25 mm displacement in the zdirection (coils axis). From this figure it is clear that this coil system is still one order of magnitude better than the ESRF specification. Thus, a further reduction of the length is still possible. The radiation heat flux from the room temperature surfaces to the thermal radiation shiekis has been estimated to be about 45 watts. A rough super isolation (5 to 6 layers of aluminised mylar) is provided around the wiggler helium vessel thermal shield (-loo00 cm2) and around the refrigerator turret thermal shield ('6000 cm2) but none around the intemal warm bore (-1500 cm2). n e helium re-comkmation system consists of a closed sate for the inefficiency of the counter flow heat exchangers of the JT loop and to achieve a temperature level compatible with cooling by isenthalpic expansion of helium gas. The mass flow rate for the JT loop, which remains very small compared to the G.M. mass flow rate, is provided by the G.M. compressor (HPI 20 bar). High pressure JT helium gas is precooled in three successive counter flow heat exchangers and to exchangers on the G.M. cold head heat stations. The isenthalpic JT expansion valve is of a pneumatic type with automatic adjustment allowing for maximum mass flow rate during precooling and regulated flow at nominal conditions (temperature stability 0.03 K at cycle cooler using a double staged G.M. cryocooler for the 4.4 K). A pneumatic bypass valve that is automatically 
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Purification of helium gas is provided by appropriate means to avoid any plugging of the JT loop and to ensure continuous trouble free operation for more than 8000 hours.
Maintenance is foreseen once a year during the technical shut down of the ESRF facility.
Total heat load
The cooling power of the helium re-condensing system is determined to compensate both the thermal loads on the wiggler magnet's vessel and the heat input through the current leads. This cooling power is transmitted by means of a heat exchanger to the condensation plate of a condensing box that provides both cold gas for the current leads and liquid helium to the magnet's vessel.
IWJ 35 13.5 B e current le& for the coils are cooled by gas circulation (central and side coils 165 A) or thermally anchored to the G.M. cold stations (correcting side coils 0-10 A). A circulator at room temperature forces the gas flow, the mass flow rate being regulated by a pneumatic valve driven by a condensation bulb thermally anchored to the low temperature end of the current leads to minimise the heat load. The warm gas coming out of the current leads is 
IV. CONCLUSIONS
A predesign has been completed of a three pole superconducting 4-5 tesla wiggler magnet and its cryogenic system. The proposed system meets all the specifications. The design optimisation was camed out using an analytical approach implemented in a software code. A check with 2d and 3d FEM codes was made and a good agreement was found. Near linear operation of the magnet is obtained by putting the iron yoke distant from the coils. At the same time this solution enabled an Al coil housing which provides rigidity and the required prestress on the coils.
Based on the study presented here a few manufacturers made proposals to build the wiggler magnet. A particular design, which is in a few aspects quite different from the predesign presented here, has been selected. A delivery to ESRF is expected in summer 1994.
